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摘   要 
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(1) 计算了 PATP 分子及不同异构体的优化结构和拉曼光谱,并对振动基频首
次进行了全面的理论归属； 
(2) 分析了分子－金属复合体系的拉曼光谱,探讨了 PATP 与金属发生成键作
用对分子拉曼光谱的影响，并发现 PATP 以单体形式在金属表面不会表现出强的
b2 模增强的现象； 
(3) 当 PATP 分子在金属表面发生偶联反应生成对二巯基偶氮苯
(4,4'-dimercapto-azobenzene，DMAB)时，其特征拉曼谱峰与实验观测很好吻合。
计算了该分子及分子－金属复合体系的拉曼光谱，并进一步与 PATP 表面增强拉
























Surface-enhanced Raman spectroscopy (SERS) is one of the most important 
techniques in studying the nano-structure surface of metals as it has high sensitivity 
and can obtain high-quality Raman signals. However, the mechanism of SERS is still 
not clear and is usually explained with the electromagnetic enhancement and the 
chemical enhancement, the latter one of which is thought to be complicated. The 
bifunctional structure of PATP plays an important role in understanding the chemical 
enhancement mechanism of SERS. When PATP adsorbed on roughed silver electrode 
or silver nanoparticals, the Raman intensities of the b2 modes are significantly 
enhanced. Till now, there are three mechanisms to explain this phenomena. But some 
observations are still not interpreted reasonably. To explore the origin of the b2-mode 
enhancement, we studied the Raman spectra of PATP and PATP-metal complexes on 
the basis of quantum chemical calculations by using Density Functional Theory 
(DFT). The relevant contents and results are as follows: 
(1) We calculated the optimized structures of PATP and its different isomers and 
reassigned all vibrational modes on the basis of potential energy distribution;  
(2) We analyzed the Raman spectra of PATP-metal complexes. The results show 
that bonding with metallic clusters has little effect in Raman spectra and there is no 
strong b2 modes; 
(3) We studied the reaction of PATP on metal surface and concluded that the 
strong bands of so-call b2 modes is characteristic of 4，4'-dimercapto-azobenzene 






























































1974 年英国 Fleishmann 等人在经电化学氧化还原方法粗糙的银电极表面成
功得到了吸附吡啶分子的拉曼信号[1]，但当时他们认为如此强的拉曼信号是由于
电极粗糙化增大了有效表面面积，从而使拉曼信号增强，而实际上这个实验开创
了拉曼散射研究的新局面。1977 年 Jeanmaire 和 Van Duyne 等、Albrecht 和
Creighton 等同时发现，粗糙化增加的分子数并不足以提供近六个数量级的信号
增强，有 104～106 的异常增强是来自表面的拉曼增强效应，即表面增强拉曼散射
效应（surface-enhanced Raman scattering, 缩写为 SERS）。如此大的信号增强可以
把表面吸附物种和溶液中相同物种区别开来，并且不会像红外光谱一样受体相水
吸收的影响，使得 SERS 成为检测界面分子的重要工具。之后物理学家和化学家


















在具有 SERS 效应的粗糙金属表面欠电位沉积少量非 SERS 活性金属 Pb、
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